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Comparison of outcomes with coils versus vascular
plug embolization of the internal iliac artery for
endovascular aortoiliac aneurysm repair
Evan J. Ryer, MD, Robert P. Garvin, MD, Travis P. Webb, MD, David P. Franklin, MD, and
James R. Elmore, MD, Danville, Pa
Objective: To compare the safety and efficacy of coil embolization (COIL) to Amplatzer vascular plug embolization
(PLUG) to achieve internal iliac artery (IIA) occlusion prior to endovascular aortiliac aneurysm repair (EVAR).
Methods: Data from consecutive patients who underwent IIA embolization prior to EVAR over a 6-year period
(2004-2010) were retrospectively reviewed. Patient demographics, treatment modalities, and outcomes were compared.
Results: From January 1, 2004 to December 31, 2010, a total of 53 patients underwent percutaneous embolization of 57
IIAs prior to EVAR. Twenty-nine IIAs underwent COIL and 28 IIAs underwent PLUG embolization. Patient
demographics and risk factors were similar between the two groups. Patients underwent repair for aneurysmal dilation of
the infrarenal aorta in conjunction with the common or internal iliac arteries (n  35, 62%) or isolated iliac artery
aneurysms (n  19, 38%). A significantly greater number of embolization devices were used in the COIL group (5.8 
3.8 vs 1.1  0.4; P < .0001). Patients undergoing PLUG embolization demonstrated significantly shorter procedure
times (118.4  64.7 minutes vs 72.6  22.4 minutes; P  .008) and fluoroscopy times (32.6 14.6 vs 14.4  8.6
minutes; P  .002). However, radiation dose between the groups did not differ (COIL: 470,192.7  190,606.6 vs
PLUG: 300,972.2 191,815.7 mGycm2; P .10). Overall periprocedural morbidity did not differ between the groups
(COIL: 11% vs PLUG: 6%; P  1.0), and there were no perioperative mortalities or severe complications. Nontarget
embolization occurred in two COIL and no PLUG cases (COIL: 6.9% vs PLUG: 0%; P .49). Patient-reported buttock
claudication at 1 month was 17.2% for COIL and 39.3% for PLUG patients (P  .08). At last follow-up, persistent
buttock claudication was reported in 13.8% of COIL and in 14.3% of PLUG embolizations (P  1.0). There was no
significant difference in charges for the embolization material, operating room, or overall hospital charges (COIL:
44,720 19,153 vs 37,367 10,915; P .22). Lastly, zero endoleaks in the COIL group and three in the PLUG group
(P .40) were detected on the most recent follow-up computed tomography imaging. No endoleak was related to the site
of IIA embolization.
Conclusions: COIL and PLUG embolization both provide effective IIA embolization with low complication rates when
used for EVAR. Buttock claudication did occur in approximately one-third of patients but resolved in half of those
affected. PLUG embolization took significantly less time to perform and required decreased fluoroscopy times. Based on
outcomes and cost-analysis, COIL and PLUG embolization are equivalent methods to achieve IIA occlusion during
EVAR. (J Vasc Surg 2012;56:1239-45.)
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tOpen repair of infrarenal abdominal aortic aneurysms
(AAAs) involving the iliac arteries can be technically chal-
lenging and may carry a higher risk of periprocedural mor-
bidity and mortality compared with open repair of isolated
AAAs.1,2 Endovascular aneurysm repair (EVAR) is a safe
alternative to open AAA repair3-7 and offers a clear benefit
in terms of postoperative adverse events and 30-day mor-
tality.8 In the 20% of patients with AAAs involving the
distal common iliac arteries,2 successful EVAR frequently
From the Department of Endovascular and Vascular Surgery, Geisinger
Medical Center.
Author conflict of interest: none.
Presented at the Fortieth Annual Symposium of the Society of Clinical
Vascular Surgery, Las Vegas, Nev, March 16, 2012.
Reprint requests: James R. Elmore, MD, Department of Endovascular and
Vascular Surgery, Geisinger Medical Center, 100 N. Academy Avenue,
Danville, PA 17822 (e-mail: jelmore@geisinger.edu).
The editors and reviewers of this article have no relevant financial relation-
ships to disclose per the JVS policy that requires reviewers to decline
review of any manuscript for which they may have a conflict of interest.
0741-5214/$36.00s
Copyright © 2012 by the Society for Vascular Surgery.
http://dx.doi.org/10.1016/j.jvs.2012.05.001equires extension of the iliac limbs of the stent graft into
he external iliac arteries. Without thrombosis of the ex-
luded internal iliac artery (IIA), retrograde flow can lead to
ontinued sac pressurization with a type II endoleak and
neurysm enlargement. Standard therapy to prevent this
ype II endoleak, as first described by Parodi,9 is to embo-
ize the IIA either in conjunction with EVAR or as a staged
rocedure.6,10 Conventionally, embolization has been
chieved safely by inserting embolization coils into the
roximal IIA to induce thrombosis.3,11,12 This method,
hile often successful, can occasionally be problematic
ecause of coil misplacement and the need for multiple
oils to achieve IIA occlusion. The Amplatzer Vascular
lug (AGA Medical Corp, Plymouth, Minn), a nitinol-
ased self-expanding cylindrical occlusion device, has been
hown to be an suitable alternative to coil emboliza-
ion.3,13,14 While both coil embolization (COIL) and Am-
latzer plug embolization (PLUG) have been shown to be
uccessful techniques, limited data directly comparing the
wo treatment modalities are available.15,16 The aim of this
tudy was to evaluate the safety (including radiation expo-
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November 20121240 Ryer et alsure), efficacy, outcomes, and financial cost of COIL vs
PLUG when associated with EVAR.
METHODS
The study was approved by the Institutional Review
Board of Geisinger Health System. A retrospective chart re-
view of patients treatedwith percutaneous IIA occlusion prior
to EVAR from January 1, 2004 to December 31, 2010 was
reviewed. From 2004 to 2006, the only internal iliac emboli-
zation option was traditional coils. In 2007, plug emboliza-
tion was introduced and became the preferred option if ana-
tomically suitable. Patients were identified from the electronic
medical record (EMR) using International Classification of
Diseases-Ninth ClinicalModification andCurrent Procedural
Terminology codes. Demographics, clinical characteristics,
radiologic, and operative data were obtained from the EMR.
Extent of aneurysm involvement was based on pre- and intra-
operative radiographic findings. The presence or absence of a
postprocedure endoleak was based on radiologist and vascular
surgeon review of imaging independently at the time the
study was obtained. Additional confirmation of aneurysm
exclusion and absence of endoleak was provided by the rou-
tine use of a proprietary image management service (M2S,
West Lebanon, NH). Symptoms, preoperative imaging, and
laboratory values were recorded from the initial vascular sur-
gery consultation along with subsequent clinic visits with the
operating vascular surgeon. Operative risk was assessed using
the Society for Vascular Surgery (SVS) Comorbidity Severity
Score.9 Operating time was defined from time of incision or
needle insertion to time of dressing application. Major com-
plications included stroke, acute renal failure requiring hemo-
dialysis, myocardial infarction, cardiac arrest, respiratory fail-
Table I. Demographics, cardiovascular risk factors, and pe
embolizatons prior to endovascular aneurysm repair from 2
Variable
COIL 29
n (%)
Age (mean  SD) 74.4  6.9
Male gender 28 (97)
BMI (mean  SD) 28.7  5.1
HTN 23 (79)
Hyperlipidemia 22 (76)
CAD 18 (62)
Angina 6 (21)
Prior MI 11 (38)
CHF 4 (14)
Atrial fibrillation 9 (31)
Tobacco history 25 (86)
COPD 6 (21)
Diabetes mellitus 8 (28)
CKD (Cr  1.5 mg/dL) 7 (24)
Cr (mg/dL) 1.2  0.4
CVD 4 (14)
PAD 5 (17)
SVS comorbidity score 8.7  4.6
BMI, Body mass index; CAD, coronary artery disease; CHF, congestive hear
obstructive pulmonary disease; Cr, creatinine; CVD, cerebrovascular disease
PLUG, plug embolization; SD, standard deviation; SVS, Society for Vasculaure requiring tracheostomy, or multisystem organ failure. imbolization material, operating room, and total hospital
harges (which include operating room charges) were ob-
ained by reviewing individual patient charges obtained from
he Geisinger Medical Center business office. These charges
ere standardized to 2011 U.S. dollars based on Geisinger
edical Center’s annual percentage fee increases over the
tudy period.
Data were analyzed using SVS reporting standards.10
isher exact test was used for analysis of categoric variables.
ifferences between means were tested with two-sided
-test. A P value of.05 determined statistical significance.
ESULTS
Clinical characteristics. The study comprised 53 con-
ecutive patients (51 males and 2 females) undergoing 57
IA embolizations. Twenty-nine were treated with plati-
um embolization coils (Cook Medical Inc, Bloomington,
nd) and 28 with Amplatzer Vascular Plug devices (AGA
edical Corporation). The mean age was 73.5 6.6 years.
oth groups had similar demographics and cardiovascular
isk factors, with the exception of a greater rate of atrial
brillation in the COIL (31% vs PLUG: 4%; P  .012). A
ummary of relevant demographic characteristics and co-
orbid medical conditions are listed in Table I.
Indications for treatment did not differ between the
reatment groups with all patients undergoing preoperative
omputed tomography to aid in procedural planning (Ta-
le II). The majority of patients (n  36, 63%) underwent
epair for combined aneurysmal dilation of the infrarenal
orta and common iliac arteries (COIL: 55% vs PLUG:
9%; P  .09). Fourteen patients (26%) were treated for
solated common iliac artery aneurysms. Two patients (one
erative risk assessment in 57 internal iliac artery (IIA)
to 2010
PLUG 28
n (%)
Total 57
n (%) P value
72.6  6.2 73.5  6.6 .29
26 (93) 54 (95) .61
28.1  3.8 28.4  4.5 .65
19 (68) 42 (74) .38
20 (71) 42 (74) .77
14 (50) 32 (56) .43
6 (21) 12 (21) 1
10 (36) 21 (37) 1
4 (14) 8 (14) 1
1 (4) 10 (18) .012
22 (79) 47 (83) .50
10 (36) 16 (28) .25
6 (21) 14 (25) .76
5 (18) 12 (21) .75
1.1  0.4 1.2  0.4 .36
4 (14) 8 (14) 1
4 (14) 9 (16) 1
8.3  5.5 8.4  5.0 .76
re; CKD, chronic kidney disease; COIL, coil embolization; COPD, chronic
, hypertension; MI, myocardial infarction; PAD, peripheral artery disease;
ery.riop
004
t failun each treatment group) had aortic aneurysms in conjunc-
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Volume 56, Number 5 Ryer et al 1241tion with an IIA aneurysm. Mean size of the treated AAA
(COIL: 54.27.5mmvs PLUG: 59.312.8mm;P .15)
and iliac artery aneurysm (COIL: 38.9 11.9 mm vs PLUG:
36.0 8.6 mm; P .09) did not differ between the groups.
Surgical interventions. In an effort to minimize io-
dinated contrast and radiation exposure in a single day, 37
of the 57 (63%) IIA embolization procedures were per-
formed as a separate procedure prior to EVAR. The per-
centage of staged procedures did not differ between the
groups (COIL: 62% vs PLUG: 68%; P  .78). However,
the PLUG group did have a significantly longer interval
between IIA embolization and EVAR (COIL: 17.9 12.6
days vs PLUG: 33.3  20.9 days; P  .009). Not surpris-
ingly, significantly more embolization coils were used per
COIL (5.8 3.8 vs PLUG: 1.1 0.4; P .0001), and coil
embolization was more often performed via an ipsilateral
approach (COIL: 41% vs PLUG: 14%; P  .04, Table II).
Four total patients (two in each group) underwent bilateral
staged iliac artery embolization.
We currently perform the vast majority of our endovas-
cular aneurysm repairs totally percutaneously. However,
during this study period, we were in the process of gaining
experience with this technique and only performed totally
percutaneous EVAR in 30% of patients. This did not differ
between the treatment groups (Table II). Lastly, choice of
aortic stent grafts was based on surgeon preference and did
not differ between groups with Medtronic Talent and
AneuRx devices (Medtronic Cardiovascular, Santa Rosa,
Calif) being used most commonly (49.1%) followed by the
Cook Zenith device (35.1%) (Cook Medical Inc), the End-
ologix Powerlink stent graft (8.8%) (Endoligix INC, Irvine,
Calif), the Gore Excluder stent graft (5.3%) (W. L. Gore &
Associates, Inc, Newark, Del), and the Aorfix stent graft
Table II. Procedural details and anatomic characteristics
of 57 internal iliac artery (IIA) embolizations prior to
endovascular aneurysm repair from 2004 to 2010
Variable
COIL 29
n (%)
PLUG 28
n (%) P value
Repair indication
AAA and CIA 16 (55) 22 (79) .09
CIA 13 (45) 6 (21) .09
AAA mean size (mm  SD) 54.2  7.5 59.3  12.8 .15
CIA mean size (mm  SD) 38.9  11.9 36.0  8.6 .30
Staged procedure 18 (62) 19 (68) .78
No. devices (mean  SD) 5.8  3.8 1.1  0.4 .0001
Ipsilateral approach 12 (41) 4 (14) .04
Endograft
Cook Zenith 9 (31) 11 (39) .59
Gore Excluder 1 (3) 2 (7) .61
Medtronic AneuRx 14 (48) 7 (25) .10
Medtronic Talent 4 (14) 3 (11) .99
Other 1 (3) 5 (18) .10
Total percutaneous EVAR 6 (21) 11 (39) .16
AAA, Abdominal aortic aneurysm; CIA, common iliac artery aneurysm;
COIL, coil embolization; EVAR, endovascular aneurysm repair; PLUG,
plug embolization; SD, standard deviation.(1.7%) (Lombard Medical Technologies Inc, Tempe, Ariz). tWhen analyzing the specific intraprocedural emboliza-
ion details, we found no significant difference in the esti-
ated blood loss or the amount of iodinated contrast used
egardless of the embolization modality utilized (Table
II). We did find that vascular plug embolization was
erformed more rapidly (COIL: 118.4  64.7 min vs
LUG: 72.6  22.4 min; P  .008) and was associated
ith decreased fluoroscopy time (COIL: 32.6  14.6 min
s PLUG: 14.4  8.6 min; P  .002). Radiation dosage
as not routinely recorded prior to 2008 and therefore
here are limited data with regard to the total radiation dose
n the two staged treatment groups. Of the 18 patients with
ecorded data, there was a lower (but not significant)
umulative radiation dose in the PLUG group (COIL:
70,192.7  190,606.6 mGycm2 vs PLUG: 300,972.2 
91,815.7 mGycm2; P  .10).
In an effort to exclude increased endovascular experi-
nce as a potential confounding variable influencing proce-
ure and fluoroscopy time, we examined the procedures
erformed in the first half of the study period and compared
hem with those performed in the second half. We did not
nd decreased procedural time (COIL early: 131.8 88.7
in vs COIL late: 108.4  41.2 min; P  .50 or PLUG
arly: 82.3 22.1 vs PLUG late: 62.8 19.1; P .61) nor
ecreased fluoroscopy time (COIL early: 36.6  17.1 min
s COIL late: 28.7  12.7 min; P  .49 or PLUG early:
6.8  11.6 vs PLUG late: 11.4  3.7; P  .27) with
ncreased endovascular experience.
Patient outcomes. Thirty-day mortality and major
orbidity was 0% in this study. Overall, complications
ccurred in 24% of coil embolization and 21% of vascular
lug embolizations (P  1.0). The majority of these com-
lications were associated with the aneurysm exclusion;
owever, there were two nontarget embolizations in the
OIL group and zero in the PLUG group (P .49). One
oil was placed from a contralateral approach and one from
n ipsilateral approach. In both instances, the malposi-
ioned coils were retrieved from the external iliac arteries
ndovascularly without adverse effect.
In an effort to directly compare the embolization mo-
alities themselves, we performed a subset analysis focusing
n the embolization portion alone in the 37 staged proce-
ures (Table IV). When analyzing the IIA embolization
omponent by itself, we found a complication rate of 11%
or the COIL group and 6% for the PLUGgroup (P 1.0).
hese complications include one nontarget embolization
in addition to an additional nontarget embolization in a
onstaged procedure), an arteriovenous fistula, and an
pisode of urinary retention. Hospital stay post staged
mbolization was short (COIL: 1.8  2.5 days vs PLUG:
.0  0.0 days; P  .19) and did not differ between the
roups.
Long-term follow-up was excellent with all but one coil
mbolization patient returning for post-EVAR surveillance
maging (Table V). Mean follow-up was 39.3  24.2
onths for the COIL group and 34.8  14.9 months for
he PLUG group (P  .40). A type 1A endoleak was
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November 20121242 Ryer et alidentified in one COIL patient. This proximal endoleak
required placement of an aorto-uni-iliac device (along
with a femoral-to-femoral artery bypass graft) and has
since resolved on further follow-up imaging. Three type
II endoleaks were identified in the PLUG group. These
three endoleaks remain persistent on follow-up imaging
but have not been associated with aneurysm sac enlarge-
ment and, therefore, have not been intervened upon.
None of these identified endoleaks are related to the IIA
embolization site based on current imaging studies.
These inferior mesenteric artery endoleaks all have pri-
mary blood flow from the superior mesenteric artery and
the IIA contralateral to the side of the internal iliac plug.
Patient-reported buttock claudication, a well-
described sequelae of IIA embolization, occurred in 28% of
treated limbs initially after the embolization procedure.
There was no significant difference comparing the two
treatment groups (COIL: 17.2% vs PLUG: 39.3%; P 
Table III. Procedural details of 37 internal iliac artery (IIA
2004 to 2010
Variable
COIL
(n  18)
mean  S
Staged embo EBL (mL) 37.9  51
Staged EVAR EBL (mL) 512.4  10
Total staged EBL (mL) 550.3  10
Staged embo time (minutes) 118.4  64
Staged EVAR time (minutes) 178.8  66
Total staged time (minutes) 297.2  91
Staged embo contrast (mL) 61.5  11
Staged EVAR contrast (mL) 72.6  29
Total staged contrast (mL) 134.1  32
Staged embo fluro time (minutes) 32.6  14
Staged EVAR fluro time (minutes) 28.1  5.6
Total staged fluro time (minutes) 60.7  14
Staged embo rad dose (mGycm2) 470,192.7  19
Staged EVAR rad dose (mGycm2) 325,454.3  11
Total staged rad dose (mGycm2) 795,646.8  25
COIL, Coil embolization; EBL, estimated blood loss; embo, embolization;
square centimeters; PLUG, plug embolization; rad, radiation; SD, stand
Table IV. Immediate outcomes (excluding EVAR) of 37
staged internal iliac artery (IIA) embolizations prior to
endovascular aneurysm repair from 2004 to 2010
Variable
COIL
n  18 (%)
PLUG
n  19 (%)
P
value
30-day morbidity 2 (11) 1 (6) 1
30-day severe morbidity 0 (0) 0 (0) 1
30-day mortality 0 (0) 0 (0) 1
Interval between procedures
(mean days  SD) 17.9  12.6 33.3  20.9 .009
ICU stay (mean days  SD) 0.0  0.0 0.0  0.0 1
Total hospital stay (mean
days  SD) 1.8  2.5 1.0  0.0 .19
COIL, Coil embolization; EVAR, endovascular aneurysm repair; ICU,
intensive care unit; PLUG, plug embolization; SD, standard deviation..08). Fortunately, persistent buttock claudication oc- 9urred in only 13.8% (n 4) of COIL and in 14.3% (n
) of PLUG embolizations (P  1.0) (Table V). Lastly,
o episodes of colonic or pelvic ischemia occurred in this
eries of IIA embolizations.
Cost analysis. We performed an economic analysis of
he two treatment modalities. To aid in this, we obtained
ctual patient charges from the Geisinger Medical Center’s
usiness office from the 48 staged embolizations per-
ormed at this surgical facility. Furthermore, the patient
harges were standardized to 2011 U.S. dollars based on
eisinger Medical Center’s annual percentage fee increases
ver the study period. We found no significant difference in
atient charges when comparing the embolization material
tself (COIL: 3121  1616 vs PLUG: 2159  762; P 
07) along with no significant difference in operating room
harges (COIL: 20,746  14,485 vs PLUG: 16,608 
bolizations prior to endovascular aneurysm repair from
PLUG
(n  19)
mean  SD P value
25.5  24.3 .36
419.1  367.8 .72
444.6  372.4 .68
72.6  22.4 .008
185.6  70.3 .77
258.2  79.6 .19
47.2  25.0 .08
87.0  46.8 .36
134.2  58.8 .99
14.4  8.6 .002
29.9  21.4 .82
44.2  22.8 .09
.6 300,972.2  191,815.7 .10
.9 353,277.6  253,435.8 .80
.4 654,249.8  333,208.8 .38
R, endovascular aneurysm repair; fluro, fluoroscopy; mGycm2, milliGray
viation.
able V. Long-term outcomes of 57 internal iliac artery
IIA) embolizations prior to endovascular aneurysm
epair from 2004 to 2010
ariable
COIL 29
n (%)
PLUG 28
n (%)
P
value
ollow-up imaging 28 (97) 28 (100) 1
ndoleak on last follow-up
study 0 (0) 3 (11) .40
ndoleak due to treated
IIA 0 (0) 0 (0) 1
nitial buttock claudication 5 (17) 11 (39) .08
ersistent claudication 4 (14) 4 (14) 1
ean follow-up (months 
SD) 39.3  24.2 34.8  14.9 .40
OIL, Coil embolization; PLUG, plug embolization; SD, standard devia-
ion.) em
D
.8
40.2
33.3
.7
.1
.8
.7
.0
.3
.6
.9
0,606
6,589
9,220
EVA481; P  .39) or total hospital charges (Fig).
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It has been demonstrated that up to 29% of all second-
ary procedures following initial EVAR will be an extension
of the stent graft into the external iliac artery because of
aneurysmal degeneration of the common iliac arteries.17,18
Whether performed to treat initial aneurysmal degenera-
tion or as a secondary procedure, endovascular coiling is
integral to the extension of aortoiliac stent grafts into the
external iliac arteries. The results of this study reveal that
the Amplatzer vascular plug (PLUG) is equivalent in many
aspects to traditional coiling to achieve IIA occlusion asso-
ciated with EVAR. The PLUG proved safe, efficacious,
cost-effective, and that it can also be placed more quickly
and with less fluoroscopy time.
The PLUG technology employs a detachable, self-
expandable nitinol cylinder and was first described in a
small series of five AAA patients by Ha and Calcagno in
2005.3 Since that time, there have been other series, rang-
ing in size from 10 to 23 patients,14,16,19 which have all
described the safety of the PLUG. The PLUG does require
the use of a 6F sheath (for the original Amplatzer plugs) for
the required sizes used in iliac artery embolization com-
pared to a 5F catheter when using standard .035-inch
embolization coils. The larger-sized sheaths for the PLUG
can at times be difficult or impossible to place in very
tortuous iliac arteries and therefore may make it necessary
for the vascular surgeon to resort to the use of standard
coils, which can be most easily placed from a contralateral,
ipsilateral, or arm approach, in that order. Additionally, use
of a larger sheath to deliver the embolization device may
result in an increased rate of access site complications,
although this is a theoretic concern between shorter cases
with a 6F sheath vs longer cases with a 5F sheath. The only
access site complication in this study occurred in the COIL
group. Conventional coils will also be required when there
is aneurysmal degeneration of the IIA itself and its anterior
Fig. Coil embolization (COIL) and Amplatzer vascular plug em-
bolization (PLUG) charges, operating room charges, and total
hospital charges for internal iliac artery (IIA) embolizatons per-
formed prior to endovascular aneurysm repair from 2004 to 2010
(standardized to 2011 dollars).and posterior divisions must be separately coiled as was oone for two patients in this study. It is our opinion that
hese small branches are best treated with standard coils and
ot the larger Amplatzer plug because of the sheath issues.
f the anterior and posterior divisions cannot be coiled,
hen the internal iliac aneurysm sac will need to embolized
ith coils or plugs. It should also be noted that oth-
rs11,20,21 have shown that in select situations, it is possible
o extend an iliac stent graft limb into the external iliac
rtery without coiling the IIA as long as there is suitable
overage of the origin of the IIA. Specifically, Wyers et al21
emonstrated a 3% endoleak and no aneurysm enlargement
ith intentional IIA coverage and no embolization at a
ean follow-up of 18.5 months. In our series, however, we
id not perform such a coverage procedure without coiling.
In this series of PLUG embolizations for IIA occlusion
ssociated with EVAR, patients had significantly quicker
rocedures and shorter fluoroscopy times than patients
ndergoing conventional coil embolization. During the 6
ears in which this review took place, our preferred treat-
ent option has evolved to the preferred use of the PLUG
f feasible starting in 2007. This would suggest that some of
he excess procedure and fluoroscopy time required in the
raditional coiling patients was due to unfavorable anatomy
ie, tortuous iliacs) in which a 6F sheath could not be
ositioned and, therefore, the embolization plan changed
o the use of standard coils with a 5F catheter. Patients were
ept divided into the two separate treatment groups since it
as impossible to tell intention to treat from a retrospective
eview of procedure notes.
No endoleaks attributable to the IIA embolization
ere identified in this study. The total endoleak rate was
%, with no difference between treatment modalities, indi-
ating a high success rate with either procedure. These
ndings are consistent with those of Vandy et al,14 who also
ave confirmed successful long-term occlusion of the IIAs
reated with the Amplatzer plug. While 28% of patients in
his series did develop buttock claudication after IIA em-
olization, none of these patients were disabled or devel-
ped colonic/pelvic ischemia as a result of the emboliza-
ion. Furthermore, persistence of buttock claudication on
ong-term follow-up occurred in only 14% of all patients
ith no difference between the treatment groups (Table
). Lee et al4 in his group of 24 patients with coil emboli-
ation found a 25% incidence of buttock claudication, of
hich all resolved by 1 year. Vandy et al14 found less
laudication symptoms in those patients with Amplatzer
lug placement compared with standard coils. We found a
igher incidence (P  .08) of immediate symptoms with
he PLUGdespite taking care to place the plug at the origin
f the IIA, which may have been related to a greater
wareness of the problem in more recently treated patients.
Standard coils have a greater risk of coil migration
uring the procedure as a complication. This complication
ccurred twice in our series and was also noted on two
ccasions by Vandy et al14 in a series of 23 patients.
lthough the migration is usually not clinically significant,
t could result in unintended vascular occlusion depending
n its ultimate site of embolization. Furthermore, addi-
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are necessary to retrieve the malpositioned coils. Amplatzer
plugs did not embolize in our series, and this is likely due to
their delivery system allowing precise deployment.
The cost of coiling has been reviewed between Am-
platzer plugs and standard coils by several investigators.
American investigators found the Amplatzer plug was 69%
less expensive based on the cost of the coils or plug alone.14
In the series by Vandy et al,14 7.53 coils were utilized
compared with 1.35 nitinol plugs. Similarly, European
investigators found the Amplatzer plug was 71% less expen-
sive based on the cost of the devices alone, not including
the costs of contrast, procedure time, or labor costs.16 In
our series, the use was 5.8 coils compared with 1.1 nitinol
plugs per IIA. Despite the difference in the number of
devices, no significant differences between operating room
or hospital charges were identified comparing staged COIL
and PLUG (Fig).
Although we believe our findings are valuable and add
to the current understanding of complex endovascular
aneurysm repair, we acknowledge that our study has several
shortcomings that warrant further discussion. First, several
factors may have contributed to the decision on type of
occlusion device used and this is inherently difficult to
evaluate because of the retrospective, nonrandomized
study design. Second, multiple surgeons treated a hetero-
geneous group of patients over a 6-year time period. Al-
though this represents more of a real-world experience, the
lack of a standardized algorithm introduces some bias into
the type of embolization material used. Moreover, the
small number of patients in subgroups and short-term
follow-up has likely introduced type II error. This is espe-
cially important when examining the cumulative radiation
dose associated with the two treatment groups. Since radi-
ation dosage was not routinely recorded prior to 2008, this
severely limits our ability to accurately assess radiation
exposure. In addition, the groupsmay not be exactly similar
since they were not randomized and the indication for
repair and aneurysm sizes could have some trends that are
not statistically significant with the small number of pa-
tients. Lastly, it is possible that differences in variables and
outcomes not deemed significant would reach statistical
significance with a larger patient population.
CONCLUSIONS
Amplatzer plugs and embolization coils are both suc-
cessful at occluding internal iliac arteries prior to endovas-
cular aneurysm repair with extension into the external iliac
arteries. The vascular plugs effectively prevent type II en-
doleak, can be placed quicker and with less fluoroscopy
time, but are comparable to traditional coils when evaluat-
ing health care charges. While claudication occurs in ap-
proximately one-third of patients with either embolization
modality, persistent claudication is only present in14% of
all patients. Other more serious complications, including
colonic and pelvic ischemia, were not seen in this study.UTHOR CONTRIBUTIONS
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